Motivation

Clean Water Act (1972)
= Recreational waters should be "Fishable and Swimmable”

Beaches Environmental Assessment and Coastal Health
(BEACH) Act (2000)

= Provides assistance for local monitoring

NRDC lawsuit
= Increased pressure for action

Establishment of Total Maximum Daily Loads:

= Regulation that controls fecal loads into waterways

« Definition: Maximum amount of a pollutant that a waterbody
can receive and still meet water quality standards.
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EPA Recommended Indicators

«  Escherichia coli and Enterococcus sp. are the EPA recommended
indicators to monitor for fecal contamination in water resources.

» Although pathogens are responsible for illness-reported cases, indicators
are used to establish the possibility that pathogens are present.

« Sometimes pathogens and indicators do not correlate.

* Drawback: need for a minimum of 24 hr incubation time
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Origins and Fate of Pathogens
in the Environment

Modified from Daughton (2006), “Origin and Fate of PPCPs in the Environment”
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Sources (Point and Non-Point), Fate and
Transport of Pathogens in Land and Water m

1V \\ Rapid changes occur in pathogen exposure!

N AN ANAAAAAAAANAS
Plume Transport
Currents, Wind Wwildlife

I UV Protection by SM, CDOM l
D < E"] P

'UV-V P‘redatio‘n by | Mortality
Induced | Metazoans & | -Dark
Death | Viral Lysis

Sewage,
stormwater

Mixing-
Sedimentation

- Bottom sediments/Pathogens
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Virtual Beach and Beach
Manager Software

* Virtual Beach

» Software package that facilitates
developing MLR models for
pathogen prediction

« Beach Manager

» Software package provides user
friendly beach advisory decision
support for non technical users
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Goals of the Pilot Study

» User feedback

= Put the tools in the hands of day to day users

= What works, what doesn’t, what can we improve?
* Increase the number of sites tested

= Varied geographic, hydrologic, meteorological
conditions

e Local versus national/distributed
environmental data

* Inform process related research
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Windows application with Graphical User Interface

EE The PATH system  trial version 1 Det 2006

Pe Gk Took Liks Hebp About

General | Daps, Views | WaWater Conditions | BioCalenlator | Monduing | Empirical Model | Emgig) al Foreeasts | Models |
: .
E- Virtual Beach
e!.
‘ot

-, aPATH tool
(Pathogen Assessment Tools for the Hydrosphere)

My e

Thes software has b de with the T1.5. Protection Agency’s peer and

poboes and approved for Menton of trade names or commercsal products does not
conitule endorsement of reconsnendaticn for use
Virtaal Beach (also sometimes referred to as Visual Beach) is software under development. The Empanical Model tab of
Vatual Beach is substmtially complete and bmetional It was peer-reviewsd i Sep 2006 but & renew comments could
mot be snplemented m bme to meet the deadine for submission 1o MWW 2006, The capabditics of the empacal
model are descnbed in Frick and Ge "Bactenia, beaches and swimmable waters: Intro-ducing Virtual Beach® also found
on the conference CD. Interested potential users can costact the suthors For the latest version of the program
(il water@iepa gov)

RESEARCH & DEVELOFPMENT
Building a scientific foundation forsound environmental decisions




Virtual Beach

Compatibility with Microsoft Excel 4.0 and other
major ASCII data formats

&- Tha PATH sysimes.iriad yorsien 1 Ocd 2008

Date & time

Response and
estimated response
columns

Gemeral | Baps, Views | WaWates Conbitions | BiaCabendot

{

dxbeet | Daia | Blodel fiming | Madel

_—Predictors

|| — Supported data formats

L~ Data import/export

H Ereeeehe bR
88

J— Jr— st
o

Tompart froum data file | o5 o] el

Fpent ta dats file Add ARMA sdpuitment

Virtual Beach

Convenient data pre-processing functionalities

| | | Madel Evabustion | , Column transformation
/

Adding/deleting
a column

Outliers

1 4 s ] e L t.f'l'-_

O 0 O

Adding interaction
T terms

Tmport wapmi dats
Tmpatt fiwem da file . —ar =
Expent tn data file =

™ Multicollinearity
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Virtual Beach

Finding the MLR model for the current data set

Fle Eat Took Lnks Heb Abot

General | BMaps, Views | WaWater Conditions | BieCaleulator | Monitoring Eempisical Model | Emparical Forecasts | Motels |
Input Spreadshest | Data Inspection | Data Iuspection (2) Model fitting | Model Evaluation |

Virtual Beach

[The MLA madel expression: (22638 FM. 3142007
[LoglE-cobl}-Conit - Conll * Vel « Costd *Vard +
‘asatile
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[Ean2ahFim) 18512 oa3 IE076  OL0MSGES
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L B0  a0RM?  amse: LE
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ravple GbB2EEE 0004382 15303 05578
remp 0100675 [0 a2y 08088
Fraquarnd = $5.495% Model siandard omor s 10217 Ned§

e el {ath 45

Mod

Add imadel ta Cp plot |

el statistics

Automate iwedel sebection |

PWalues for Model Variables

[0 464 ot

T-t
sig

8043 Coerz
8 0105 Coers|
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ificance

Thecking
siduals for
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Virtual Beach

Model assessment with Cp-plot

EE The PATH system irial we

Fle Eat Took Lnks Heb Abot

General | BMaps, Views | WaWater Conditions | BieCaleulator | Monitoring Eempisical Model | Emparical Forecasts | Motels |

Input S Data & iom | Diata I iom (2} | Model firting Model Evaluation |
Maodel Cp-statistic
Cp Plot (To find the unbiased best-fit model} The beat p-variable models for the sursent
10 T T oh frepresented by red square dots)
- :r.pw::::wa 118 PM, M 14720007y
[ ] 6001
L [ l :‘.\O{\
0672
T 0163
= ot s
. .| H Mete results see the modsl Biring’ tab
G -
= : 1 Automated
. i ‘comparison of all
. possible sub-mpdels
i (45 models in this
' - ‘case,|some off
L £
K o o of u’m sau e .oua:c:.
il of maded vanables +
Ot model selection
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Virtual Beach

Graphical and text output of results

Fiesults of the automated model selection: (2:31:18 P, 314/2007)
9variables were considered in the process:
Logiturbidity), Logiwave). Sgr(24hrFw). ubl. w60, Solardam. cldy. sample. termp.
Maodel Prsquared Stand. err. Cp Wariable to eliminate
Full 0.555 1.024 100 whi
G~varighle 0.555 1.017 8.0 Solardam
F-varighle 0.555 1.m 6.001 tempg
G~varighle 0.555 1.004 4.06 sample
Semils GOGRess  '1p 2353 U0
dvarishle of fif.551 0.996 0672 Logwave)
F-varighle 0.542 0.999 0163 cldy .
2-varighle 0.494 1.044 6.29 SoriZ4hrRw) Resit
1-varizhle 0.34%9 1177 28.73 A :
——re 2
Fecommended optimal model (with the min Co): Slgnlflcance
The 3-variable model Cp= 0,163, Frsquared= 0.642] of variables 1
The regression equation:
S B
E[LogiE-coli]= 1.6923+ 0.7582 Loglturbidit)+ 1.4763 Sarti24hrRw)+ 0123 cldy 1035 :
@ !
&
[vou can go back to the data sheet, eliminate wvariables in the sgquence provided = - )
above and fit the model again to ohtain other regression models.) all i
Best model 2

identified
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VB helps turn data like these...
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... Into (something like) this

VB is not the model,
but it helps select
the best model!

EIN(EC)] = 4, + Y. Ax

10000
E[Log(E-coli)] =-2.0624 + 0.5037*Log(turbidity) - 0.0457*(T-DP)
+0.00175*cld94 - 0.197*ucl5 - 0.07417*vc15 + 0.7002*signCuy
1000 ¢
= **
s 1 s PR 9
d *
:a 100 Mv *
kS *
0 *
. *
10 * *
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11
6/1/07 7/1/07 8/1/07 9/1/07

Date
%  Predicted E. Coli
—&— Observed E. coli




9 T T T T T T T T
. Unsafe,
advisories
- = 0 .
R-square =100% ! issued - ]
Va
k4
c 6 / 1
2
S
5 st ]
e
o
3 4 1
=]
o
s, ]
2+ 4
°  Fit; 100%; factor 0.0
1F o,i Perfect model performance 4
o° —— Enterrococcus 104 col/100ml
O ° 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9
Observation
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Persistence Model

With the persistence
model today’s
concentrations are

10

assumed to be the same
as yesterday’s °
concentrations. s
R-square is 8.83% 4
N=1184 6
g
104 model AT
High correct: 206, 17.4% N
False negatives: 159, 13.4% s
False positives: 206, 13.4% 2
Low correct: 613, 51.8% e e g e _° Requare=883%
235 model 1 ya P e 1:1fit; 235 col/100ml
High correct: 57, 0.48% S T S S S S
False negatives: 145, 12.2% Ln(Observed)

False positives: 145, 12.2%
Low correct: 837, 70.7%
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Actual Virtual Beach results

10 T T T T T T T T T
ol ]
Safe,
8 Beach closed ]
7t unnecessarily ]
. A
g °f NP 1
é 5t AAAA A “ha AA a ]
% ° AAAASA AAm ° N
- ar A N ° 1
a AQA
N o, ]
b S ED Unsafe,
r g beach left open
1L 4 No-flow model ]
1:1, 235 Std
T s s s T Ty Ty T
Ln(Observed)

Virtual Beach model results using 2007 Huntington Beach, Ohio data.

3.50
Huntington Beach 2006/2007
3.00 -
2.50

2.00

1.50 4

Predicted Values

1.00

0.50 -

0.00 T T T T T T 1
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Observed Values




1:1 Line — Unbiased Prediction

False Positive Actual Model Slope

8 . Quadrant oo
= o
= 2
> 5

1o}
g 8
% g Model Bias Leads To
S o False Positive/Negative

Imbalance
. False Negative

Quadrant

235 — Critical Threshold

Observed Values
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Similar to rotation around the
intersection of 1:1 line and

§ the actual model slope

<

> \

g I

b3] Predictions Above

3 This Line Increased

o ] Predictions Below
l 1 This Line Decreased

Observed Values
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Predicted Values

Decision Criterion

235

Adjusted Predictions
Now Unbiased

False Positive
Quadrant

Decision Criterion Set Equal
to Critical Threshold Balances
the False Positives and False
Negatives

False Negative
Quadrant

235 — Critical Threshold

Observed Values
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Predicted Values

Decision Criterion

False Positive
Quadrant

Manager Can Adjust the
Decision Criterion to
Decrease One Error at the
Expense of the Other

False Negative
Quadrant

235 — Critical Threshold

Observed Values
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The location of the decision criterion and the (typically) 95%
confidence intervals for each prediction determine the
probability of exceedence for that prediction.

Managers then decide to close the beach based on this
probability of exceedence.

1T 1 R
% L ° *L Decision Criterion

235
Critical Threshold

Predicted Values

Observed Values
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Dynamic Modeling

» Investigate use of different models over the
course of a season

* Investigate use of variable data set size

40-day medels

Wind sjpeed
Wind u-comp
Wisd v-comp

oo B

Julian day
N=4 500%; 122,960 457,1068:881 61,0 099, l.‘-l.“ S30, 100, 1152 607,089 11,52
Tusbidity
ware [ [ - I -}l =
Dew patnt
Cloud B |
Wimd speed
[ ] n L}

Wind u-comp
Wind v.comp

Bain infensity [ | [ |
Halu, 24-lr
e B el

XN=ds 1841325110 2011702 400, 101,880 350113881 388 106,881

EBest vanabis | O Wz Ath
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Beach Manager

» Site specific MLR
= Develop model in Virtual Beach
= |Import PMML

» Ease of use _
= Little setup required 1“““ mmmmm
= MLR details hidden from user
= Automated data download
= Model self checking

» Data repository
= SQLite data storage

= [“®%irtual Beach - Run Model
B <DATE-
Ftiess hoaleb e

e . [ Caveet (=

oz Lt
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* Environmental variables
» Wind speed, wind direction, air temp,
water temp, turbidity, wave height, river
flow, precipitation, ...
» Data sources

= Buoys, weather stations, gauging
stations, remote sensing???
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Future Developments

* Investigate additional techniques
= Neural networks

» Build more intelligence into Beach
Manager
= Automated model generation
= Automated model selection

* Web based system
= Centralized data access
= Easily deployed/maintained
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Contacts
Kurt Wolfe wolfe.kurt@epa.gov
Richard Zepp zepp.richard@epa.gov
Walter Frick frick.walter@epa.gov
Zhongfu Ge ge.zhongfu@epa.gov
Mike Cyterski cyterski.mike@epa.gov
Marirosa Molina molina.marirosa@epa.gov
Rajbir Parmar parmar.rajbir@epa.gov
Candida West west.candida@epa.gov

Although this work was reviewed by EPA and approved for publication, it may not
necessarily reflect official Agency policy. Mention of trade names or commercial
products does not constitute endorsement or recommendation for use.
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